An avidin-biotin complex immunohistochemistry technique was developed to detect Haemophilus parasuis serovar 5 in experimentally infected 18-21-day-old conventional pigs, using a rabbit polyclonal antiserum. Seven of 10 intratracheally inoculated animals developed a low to medium degree of fibrinous polyserositis; meninges and pleura were the most severely affected areas. Haemophilus parasuis was recovered from 9 of 10 pigs; in 2 of them H. parasuis was isolated from tracheal swabs only. Positive immunohistochemistry results, mainly observed as free bacteria or bacteria within inflammatory cell cytoplasm in the fibrinopurulent exudate, were observed in 8 of 10 animals. Cross-reactivity with Actinobacillus pleuropneumoniae was detected but not with other gram-positive and gram-negative bacteria tested. This immunohistochemistry technique seemed to be at least as sensitive as microbiologic cultures and could be useful in studies of pathogenesis and retrospective diagnosis. However, cross-reactivity with A. pleuropneumoniae means that positive immunohistochemistry results in lung tissue from field cases would be dubious.
Haemophilus parasuis is a small gram-negative, nonmotile, rod-shaped bacterium that grows in enriched medium; it requires NAD (V factor) to grow. 3, 16 Infection with H. parasuis (Glässer's disease) is usually manifested as a fibrinopurulent polyserositis. 8 However, this bacterium can also cause pneumonia 13 and an acute fulminating septicemia without macroscopic lesions. 12 Myositis of the maseter muscles was reported in relation to infection with H. parasuis. 2 Glässer's disease occurs only sporadically in conventional swine, but in the last 5 years it has emerged as an important cause of morbidity and mortality in specific-pathogenfree (SPF) pigs of all ages. This microorganism is considered part of the normal flora of the upper respiratory tract but not of the normal lungs of conventionally raised pigs. Usually, infection remains sublinical. 10 SPF pigs can be free of H. parasuis infection, but important economic losses may appear when these pigs are moved to conventional herds or when the bacterium is introduced into a naive SPF herd. 4, 17 Although clinical signs and macroscopic lesions may suggest Glässer's disease, the definitive diagnosis requires detection of the agent. Isolation of H. parasuis requires 1-3 days of culture in enriched medium and can be unsuccessfu1 10 because of the fastidious nature of the microorganism and if affected pigs have been medicated with antibiotics. Therefore, a rapid and sensitive diagnostic test for this microbial infection is needed.
Some workers have used an immunohistochemistry technique for detecting H. parasuis antigen in tissues of infected animals; 1,7 however, no clear conclusions have been presented as regards the correlation of these results with those of bacterial isolation. The immunohistochemical technique seemed to be sensitive and specific. The purpose of this study was to develop an avidin-biotin-immunoperoxidase staining procedure (ABC technique) to detect H. parasuis serovar 5 in formalin-fixed, paraffin-embedded tissues of experimentally infected pigs and to compare this procedure with bacterial isolation to evaluate its potential for routine diagnostic use.
Materials and methods
Animals and challenge. Fifteen 15-18-day-old piglets were obtained from a H. parasuis-seronegative herd. This herd was also seronegative for pseudorabies and porcine reproductive and respiratory syndrome viruses. Two groups, A and B with 10 and 5 piglets, respectively, were housed in 2 isolation rooms. Group A pigs were intratracheally inoculated with 1 ml of H. parasuis strain 29755 (serovar 5) a suspension containing 10 7 colony-forming units (CFU)/ml. This strain is highly pathogenic for SPF pigs. 15 Group B pigs were used as a negative control group. Pigs were expected to be euthanized on day 5 postexposure (PE).
Pathology. Samples from lung, trachea, nasal turbinates, heart, kidney, tonsil, thymus, spleen, ileum, liver, intestine, and mediastinal, retropharingeal, inguinal, and mesenteric lymph nodes were collected and fixed by immersion in neu-tral 10% buffered formalin. Fixed samples were dehydrated, embedded in paraffin, sectioned at 4 µm, and stained with hematoxylin and eosin.
Microbiology. Samples from cerebrospinal, peritoneal, pericardic, and joint fluids, tracheal swabs, and lungs were cultured on chocolate agar plates and blood agar plates with a nurse strain of Staphylococcus aureus. After 48 hr of 5% CO 2 incubation at 37 C, isolated colonies were removed for further biochemical identification.
Immune sera and staining solutions. Primary antiserum was produced in rabbits by intravenous injection of formalinkilled H. parasuis serovar 5 (Nagasaki strain) b following previously described protocols. 5 Commercially available kits with biotinylated goat anti-rabbit IgG as secondary antibody, c ABC, c and 3,3'-diaminobenzidine (DAB) as chromogen d were used following the manufacturers' instructions.
Immunoperoxidase staining procedures. Tissue sections were placed on glass slides coated with 3-(triethoxysilyl)propylamin. e Sections were deparaffinized in xylene and dehydrated in 100% ethanol. Endogenous peroxidase was inhibited by immersing sections in a 3% hydrogen peroxide in methanol solution for 30 min. Slides were incubated in diluted normal goat sera (1:10) for 30 min to reduce background staining. The primary antiserum was previously adsorbed with dry liver powder at a concentration of 100 mg/ ml of diluted antiserum. Several incubation times and antiserum dilutions were performed in moist, dark Shandon chambers. f 2 antiserum dilutions (1500 and 1: 1000) were combined with 2 different incubation times (30 min at 37 C and overnight at 4 C). Diluted biotinylated goat anti-rabbit IgG solution (1:200) was placed on the sections for 45 min. After washing, sections were incubated with the ABC reagent for another 45 min, at room temperature. Sections were incubated in DAB-hydrogen peroxide staining solution for 2 min and counterstained or not with Harris's hematoxylin. Negative controls were included using negative antiserum as the first layer, no first antiserum, or H. parasuis antiserum on slides of tissues from which other gram-negative (Escherichia coli, Pasteurella multocida, Actinobacillus pleuropneumoniae ) and gram positive (Streptococcus suis, Listeria monocytogenes ) bacteria were isolated.
Results
Eight of 10 inoculated piglets were euthanized before day 5 PE because of their critical condition. These animals developed hyperthermia and central nervous system clinical signs such as tremor, paddling, recumbency, and nystagmus. Control animals did not develop any clinical signs.
Macroscopic findings were detected in 7 of 10 inoculated animals and consisted of a low to medium degree of fibrinopurulent polyserositis. Microscopic results are given in Table 1 . Meninges and pleura were the most severely affected areas, 7 of 10 group A piglets developed fibrinous pleuritis and 5 of 10 animals had fibrinopurulent meningitis. Histologically, fibrinous serositis was characterized by the presence of a variable amount of fibrin combined with an intense inflammatory infiltrate that consisted of a mixture of macrophages, lymphocytes, and neutrophils. Other lesions such as purulent bronchopneumonia were observed in 5 of 10 inoculated animals. Catharral rhinitis was observed in only 1 pig.
Haemophilus parasuis was isolated from different sites in 9 of 10 inoculated animals but was not isolated from any control animals.
Immunohistochemical procedures produced positive immunolabeling in several tissue sections from 8 of 10 H. parasuis-inoculated animals ( Table 2 ). Fibrinopurulent exudates had strong immunoperoxidase staining. This labeling was especially concentrated within the cytoplasm of mononuclear cells (macrophage-like cells) and was disseminated within the fibrinous exudate on the serosas ( Figs. 1-3 ). In some animals, specific staining was seen in internal organs such as the brain, heart, liver, spleen, and tonsils. This positive reaction was probably due to circulatory cells (monocytes) and was strictly located inside vessels. Positive labeling in macrophage cells associated with sheaths of lymphoid tissue could also be found in the white pulp of the spleen. Dendritic-like cells and macrophages were also immunostained in the tonsils. In bronchopneumonic lesions, alveolar and interstitial macrophages were intensely stained. Moreover, a diffuse positive labeling in purulent exudate within the alveoli and bronchioli was also seen.
No positive labeling was recorded in noninoculated animal tissues. A comparison of microbiologic and immunohistologic results is shown in Table 3 . The distribution of antigen was closely correlated with the presence of lesions. Positive labeling was also absent in sections where antiserum was absent or negative. In positive sections, the optimal intensity was achieved with 1:500 primary antiserum dilution and overnight incubation. Background staining was faint, and the high Figure 1 . Positive immunolabeling in section of brain with fibrinopurulent meningitis corresponding to Haemophilus parasuis in pig no 2. Note the large amount of bacterial antigen diffusely distributed within the cytoplasm of mononuclear cells from inflammatory exudate. Positive labeling was also seen in circulating cells from some brain capillaries (arrowheads). No counterstain. Bar = 35 µm. contrast of labeled cells was not altered by the hematoxylin counterstain.
Positive immunolabeling was observed inside necrotizing lung lesions from pigs from which A. pleuropneumoniae was isolated. This immunostaining was observed within inflammatory cells and free bacteria in alveoli and in necrotic foci. No positive labeling was recorded from tissues from which E. coli, P. multocida, S. suis, and L. monocytogenes were isolated.
Discussion
In the present study, H. parasuis antigen was consistently detected in formalin-fixed, paraffin-embedded tissues of experimentally infected swine, using a polyclonal primary antiserum and the biotin-avidinimmunoperoxidase system.
Incubation times and primary antiserum dilutions were critical for adequate antigen detection. Primary antiserum dilutions higher than 1:500 resulted in less staining intensity, making interpretation of positive results difficult. Overnight incubation at 4 C provided minimum background staining compared with incubation at 37 C; however, in both cases interpretation was straightforward. At 37 C incubation, the technique can be performed in as little as 5-6 hours. However, the length of fixation did not make any difference in terms of reactivity; the same staining intensity was seen in tissues that were fixed in formalin for 2 weeks and in those fixed for 6 months.
Cross-reactivity of primary antiserum among H. parasuis serotypes was not investigated. However, field studies, 9 experimental vaccine trials, 18 and laboratory investigations into antigenic epitopes on the lipo-oligosaccharide of H. parasuis 19 have shown groups of antigenically related serovars, suggesting that cross-reactivity among some but not all H. parasuis serovars could exist, using either polyclonal or monoclonal antibodies. The primary antiserum would only react against the homologous challenge serovar and antigenitally related serovars. Results of a recent field study support this suggestion (unpublished data). A clinical case showing macro-and microscopic lesions highly suggestive of Glässer's disease (fibrinopurulent polyserositis) had negative immunohistochemistry results. However, H. parasuis from this field case was very fastidious, and its presence was partially masked by high numbers of Streptococcus suis.
A similar technique was used in 2 previous studies involving the detection of H. parasuis antigen in bronchopneumonic cases in association with pseudorabies virus infection 7 and in several tissues of pigs experimentally infected with H. parasuis serovars 1, 4, and 5. 1 Bacterial antigen was detected within the cytoplasm of neutrophils, interstitial macrophages, and alveolar macrophages in the first study 7 and within inflammatory cells and the lumina and endothelial cells of small blood vessels in several tissues in the second study. 1 In the present study, positive staining appeared within macrophage-like cells and neutrophils and was disseminated through fibrin fibers. In some cases, bacterial antigen was detected in dendritic-like cells and macrophages in tonsils and in just 1 case it was detected in the spleen. Positive staining associated with monocytes was detected in the liver and heart of some piglets. Only 2 pigs of group A (nos. 3,6) did not show positive immunolabeling in any tissue; these animals had no macroscopic or microscopic lesions. Thus, the correlation between positive staining and microscopic lesions was nearly complete. However, 7 pigs of group A had positive immunolabeling in brain and/or tissues located in the peritoneal cavity, suggesting that H. parasuis had spread from the respiratory tract (inoculation site) following a septicemic process. Pig no. 8 showed positive staining just in the lung and tonsil; however, bacterial isolation from peritoneal fluid was positive for H. parasuis. Globally, the results of this study indicated that 2-3-week-old piglets intratracheally infected with H. parasuis serovar 5 at a dose of 10 7 CFU developed septicemia. In all the pigs that developed the disease, lesions were observed only in the thoracic cavity. Two of 10 pigs of group A did not develop Glässer's disease. Individual susceptibility, immunologic status, and low dose of bacteria reaching the lower respiratory tract (which is unlikely because of the intratracheal method of inoculation) could explain the failure to develop Glässer's disease.
Microbiologic methods were highly efficiency in recovering bacteria from the trachea. However, immunohistochemical evaluation of the trachea was consistently negative. A possible explanation for this contradiction is that H. parasuis is part of the normal flora of the upper respiratory tract in the pig, 6, 14 and if so, some of the isolates recovered may correspond to the normal flora. Alternatively, some bacteria may have remained attached to the mucosal surface of the trachea 2-5 days PE. Bacteria could then have been recovered from the tracheal mucus but not detected by the immunoperoxidase technique because of the small number of free bacteria. In support of this hypothesis, none of the tracheas of the inoculated pigs had any lesions. Except for the results in the trachea, the immunohistochemistry method for the detection of H. parasuis antigen was at least as sensitive and specific as bacterial culture of cerebrospinal fluid and lung tissue. Immunohistochemical examination of lung and brain samples detected antigen in more cases than did bacterial culture of samples. No difference between methods was detected in peritoneal samples, and pericardic fluid yielded better results as a microbiologic sample.
Cross-reactivity with several gram-negative and gram-positive bacteria was not apparent, except for A. pleuropneumoniae. Thus, positive immunohistochemistry results in lungs from field cases are dubious because it is unclear which bacteria are involved in the pathologic process. However, in the majority of cases positive reaction appeared not only in the lung or pleura but also usually in meninges, peritoneum, and spleen and liver capsule. If this immunohistochemistry technique were to be used as a diagnostic tool, it would be necessary to test more tissues than just lung. In a recent study using antisera against different serovars of H. parasuis, cross-reactivity with A. pleuropneumoniae was not detected 1 even though the same strain of H. parasuis was used as immunogen (Nagasaki strain, serovar 5) and a very similar procedure was used to obtain the hyperimmune sera (immunizing rabbits with formalinized whole-cell suspension of H. parasuis). In other studies using antisera against H. parasuis, cross-reactivity with A. pleuropneumoniae was not investigated. 7, 19 Cross-reactivity could be due to the close relationship of these bacteria. 11, 16 In a numerical taxonomic analysis (based on the biochemical reactivity on API20E and API ZYM test strips) using dendrograms that compared the similarity of H. parasuis, A. pleuropneumoniae, Pasteurella multocida, and Bordetella bronchiseptica, a similarity of 86% between H. parasuis and A. pleuropneumoniae was found, but in some cases comparing specific strains of these bacteria similarity reached 91% and 93%. 11 However, cross-reactivity could be relatively serovar specific. In the study in which cross-reactivity was not found, only A. pleuropneumoniae serovar 1 was tested, and the existence of cross-reactivity among tested H. parasuis serovars was not investigated. In the present study, the A. pleuropneumoniae serovar in the field cases tested was unknown.
In conclusion, the results of a immunohistochemical technique for detecting H. parasuis were very similar to those of bacterial isolation, indicating that this technique may represent, with its limitations, complementary diagnostic tool. Furthermore, the use of the ABC technique on formalin-fixed, paraffin-embedded tissues allowed the simultaneous histopathologic interpretation of lesions. This application could be useful in studies of pathogenesis and in retrospective diagnoses. It may be especially useful for distinguishing between S. suis and H. parasuis meningitis when microbiologic culture is not possible or the result is negative. Cross-reactivity with A. pleuropneumoniae means that positive immunohistochemistry results in lung, if no other tissues are available, are not reliable. However, preliminary data (not shown) indicate that immunohistochemical detection of H. parasuis may be more sensitive than microbiologic culture in cases where animals have been medicated with antibiotics. 
